HAGE: 1 PHRINT DATE: 051184

FAILURE MODES EFFECTS ANALYSIS (FMEA) = CRITICAL HARDWARE
NUMBER: 03-1-0408.X

SUBSYSTEM NAME: MAIN PROPULSION

REVISION: 1 511754
FART MAME PART NUMEBER
VENDOR RAME VENDOR NUMBER
LAU . DISCONNECT, LC2, 17 INCH MC284-0385-0551 (ORS HALF)

LAY . DISCONNECT, LO2, 17 INCH MC284-0388-0552 {ET HALF)

PART DATA

EXTENDED DESCRIPTION OF PART UNDER ANALYSIS:
DISCONMECT, LO2 FEED, 17 INCH, ORBITER & ET HALF, [P[H}

QUANTITY OF LIKE ITEMS: 1
ONE

FUNCTION:

ET/OABITER FEED LINE DISCONNECT PAOVIDES LO2 PROPELLANT TC THE MPS AND A
MEANS OF LOADING AND DETANKING THE ET. EACH DISCGNNECT HALF CONTAINS A
PNEUMATICALLY ACTUATED FLAPFER CLOSURE DEVICE WHICH REMAINS IN TS LAST
ACTUATED POSITION (BISTABLE}. THE YALYES ARE CLOSED AFTER MECOQ TO
PREVENT PROPULSIVE VENTING LEADING TO ET/AORBITER REGONTAGT, TILEDOOR
DAMAGE DUE T EXPOSURE TCOH PROPELLANTS, LOSS CF HELIUM SUPPLY DURING
MANIFOLD REPAESSURIZATION (RTLS/TAL ABORAT CAITICAL), AND EYSTEM
CONTAMINATION DURING ENTRY, DURING UMBILICAL SEPARATION, THE VALVE
SYETEM 13 DESIGNED TO MECHANIGALLY CLOSE BOTH THE ORBITER AND ET
DISCONMECT FLAPPERS IF LINARLE TO CL OSE THEM PNEUMATICALLY (FOST MECO).
RECUNDANT OPEN AND CLOSE (TWO EACH) VALVE FOSITION SWITCHES ARE
LOCATED ON THE ORBITER HALF OF THE DISCONNECT. THE FLAPPER DRIVE .
MECHANISM iS DESIGNED T ALLOW RELIEF OF FRGPELLANTS TRAPPED BETWEEN
THE FLAPPERS AFTER DISCONNECT CLOSURE.

A PHEUMATICALLY ACTUATED LATCH MECHANISM IS PROVIDED TG PREVENT THE
VALVE FLAFPPERS FROM CLOSING DURING FLOW CONDITIONS. THE LATCH IS .
BISTABLE AND IS CONTROLLED BY A SEFARATE PWEUMATIC ACTUATOR ASSEMBLY
WITH AEDUNDANT LOCK AND UNLOCK (FWO EACH} POSITION SWITCHES. LATCGH
MECHANISM INCORPORATES A TOCGGLE PIVOT WHICH ALLOWS FLAPPER CLOSURE
DURING BACK UF MECHANICAL SEPAFATION WITH LATCH IN LOCKED POSITION. SEE
LATCH FMEA/CIL 0454 FOR ADDITIONAL INFORMATION.
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SHUTTLE CRITICAL ITEM5 LIST - QRSBITER

SUBSYSTEM :MAIN PROPULSION FMEA NO:03=1 -0408 -4 REViQZ/1l9/88

ASSEMBLY CRIT. FUNC: 1
E/N RI 1MC284=0389—XXXX CRIT. HDW: 1

ORB HALF 0551
ET HALF 0552

F/N VENDOR;: VEHICLE 102 103 10z
QUANTITY :1 EFFECTIVITY: X X X
: ONE PHASE(S): PL X Lo XG0 DO Lg

FREPARELD BY:

DES + E QSIUND
REL L 4 PINERERG
cE E M GUTIERREZ
ITEM:
PISCONNECT, LO2 FEED {WITH LATCH) 17 INCH, ORBITER & ET HALF. (P01
FUNCTION

ET/ORBITER FEED LINE DISCONNECT FROVIDES LO2 PROPELLANT TQ THE MPS AND A
MEANS OF LOADING AND DETANKING THE ET. TEACH DISCONMECT MALF CONTAINS A
FNEUMATICALLY ACTUATED FLAPPER CLOSURE DEVICE WHICH REMAINMS IN ITS LAST

. ACTUATED POSITION (BISTABLE). THE VALVES ARE CTOSED AFTER MECO TD
FREVENT PROPULEIVE VENTING LEADING TO ET/ORBITER RECONTACT, TILE/DOGCR
DAMAGE OUE TO EXPOSTRE T¢ FROPELLANTS, LOSS OF HELTUM SUFPLY DURING
MANIFOLD REFRESSURIZATION (RTLS/TAL ABORT CRITICAL}, AND SYSTEM
CONTAMINATION DURING ENTRY. DURING UMBILICAL SEPARATION, THE VALVE
SYSTEM I3 DESIGNED TO MECHANICALLY CLOSE BOTH THE ORBITER AND ET
DISCONNECT FLAPPERS IF UNABLE TO CLOSE THEM PNEUMATICALLY (POST MECD).
REDUNDANT QPEN AND CLOSE (TWO EACH) VALVE POSITICH SWITCHES ARE LOCATED
ON THE ORBITER HALP QF THE DISCONNECT. THE FLAFDER DRIVE MECHANIEM IS
CESTGNED TO ALLCW RELIEF OF PROPELLANTS TRAPCED BETWEEN THE FLAPPERS
AFTER DISCONNECT CLOSDRE.

A PNEUMATICALLY ACTUATED IATCH MECHANISM IS PROVIDED TG PREVENT THE VALVE
FLAPFERE FROM QLOSING DURING FLOW CONDITIONS. THE LATCH 1S BISTABLE AND
IS CONTROLLED BY A SEPARATE PNEUMATIC ACTUATOR ASSEMBLY WITH REDUNDANT
LOCK AND ONLOCK (TWO EACH) POSITICN SWITCHES. LATCE MECHANISM
INCORFORATES A TOGGLE PIVOT WHICH ALLOWS FLAPPER CLOSURE DURING BACK UP
MECHANICAL SEPARATION WITH LATCH IN LOCEKED POSITION. SEE LATCH FHMERA/CIL
0434 FOR ADDITIONAL INFORMATION.

FAILLRE HODE

EATERNAL LEAKAGE (ET/ORBITER UMBILICAL INTERFACE) DURING LOADING/CRAINING
AND ENGCINE CPERATIGON

CAUSE(S)

CONTAMINATION, DAMAGED INTERFALCE SEAL/SEALING SURFACES, IMPROPER
EHNGAGEMENT
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SHUTTLE CRITICAL ITEMS LIST = ORBITER ‘

SUBSYSTEM :MATN PROPULSION FMEA HO:03~1 -g0403 =4 REV:02,19,

EFFECT(S): ON
{A)SUBSYSTEM (B) INTERFACES (C)MISSION {D)CREN/YEMICLE:

COMPARTMENT CVERFRESSURIZATION AND PIRE/EXFLOSION HAZARD. Loz/coz
LEAKAGE EXTERMAL TO THE UMBILICAL MAY CAUSE DAMAGE TO THE VEHICLE Ay
FIRE/EXPLOSION HAZARD. SECONDARY SEAL Is NOT COUNSIDERED REDUNDANT
SINCE IT WAS NOT RESIGNED TO SERVE AS A BACEUP TC THE PRIMARY EEAL.
SECONDARY SEAL WILL PREVENT EXCESSIVE LEAKAGE. POSSIBLE 1OSS oF
CRITICAL ADJACENT COMPCNENTE DUE TO CRYO EXPOSURE. LEAKAGE IS

(C)ON GROUND, VIOLATION OF THE HGDS LCC WILL RESULT TN LATUNCH scRuR.
(D)POSSIBLE Loss op CREW/VEHICLrF.

DISPCSITION & RATIONALE:
{A)DESIGN {B)TEST (C)INSPECTION (D)FAILURE HISTORY (E) OPERATIONAL USE:

(A) DESIGN .

DESICGN FACTORS OF SAFETY FOR TNTERNAL PRESSURE ARE: 1.3 PROOF, 1.:%
BURST. PRIMARY MATING 3EAL IS5 DESIGNED FOR LEAYAGE NOT TQ EXCEED 310
SCIM OF GOZ AT 0 TO 200 F5IG AND 500 SCIM OF Co2 AT 265 PSIG. A STEEL
RETAINING BAND AROUND THE PRIMARY SEAL (TEFLON} PREVENTS SEAL BLOW-QUT
DURING SEPARATION.

LEAK DETECTIOCM CAPABILITY IS PROVIDED BETWEEN SEALS TOR AMBIENT CHECXOU”"
GUIDE PINS ARE PROVIDED FCR PROPER ENGAGEMENT.

{8} TEST _
ATP [ACTUATOR)

PROOF: AMBIENT, 1275 PSIG

OFERATIONAL (TWO CYCLES): AMBIENT: 404, 740, 780 P3IG .

RESPONSE TIME (OPENING/CLOSING): ROCM AMBIENT/=~300 DEG I
RESPONSE TIME AT 400, 700 AND 780 PSIc

03i-1- 1462



.. SHUTTLE CRITICAL ITEMS LIST - ORBITER
SUBSYSTEM :MAIN PROPUTLSIGN FMEA NO:03=1 =Q0408 -4 REV:Q3/19/843

LEAKAGE: EXTERNAL AND INTERNAL, AMBIENT AND CRYO

ATP - ET/ORBITER MATED DISCONNECT ASSEMBLY
FLAPPER ANGLE; ET 4.% +/~ 0.25 DEG, ORB 3.0 +/= 0.2% DEG
TIF LOAD: ET 55 LB MINTMUM, ORE 40 L3 MINIMUM

POSITION SWITCH VERIFICATION: LATCH IN LOCKED POSITION. PROTATION FRCM
FLAPPER FOSITION OF REST GN DOWNSTRIEE SURFACT TO FLAPFER POSITION
WHERE OPEN INDICATOR LIGHT TURNS ON MUST BE 4 DEG, MINIMUM,

PROCF: AMBIENT, 1275 PSIG, ACTUATOR
286 PSIG FOR ORBITER CLOSURE DEVICE
£8 PSIG FOR ET CLOSURE DEVICE

OPERATIONAL CYCLE: CRYO, =300 DEG F, ACTTATOR PRESSURE 740 FSIG FOR 3
CYCLES AND 450 FSIG FOR 5 CYCLES
AMBIENT, He AT 400 PSIG (1 CYCLE] AND 740 PSTG (S
CYCLES) !

CLEANLINESS VERITICATION: MOISTURE FREE AND CLEANED TO LEVEL 400A OF
. . MA 0110=-3Q1

LEAKAGE: EXTERNAL . '

VALVE: LN2/AMBIENT TEMPS: 50 SCIMS OF GHE AT 10 PSIG, 50
SCIMS OF GHE AT 50 PSIG; LATCH SHAFT SEAL, 90 SCIMS oF
GHE; 150 BCIMS OF GN2 AT 185 PSIG; LATCH SHAFT SEAL,
80 SCIMS OF GN2

VALVE ACTUATOR:

CRYO (BODY TEMP AT -100 DEG F, ACTUATOR AT -200 To
0 DEG F)/AMBIENT TEMPS; 100 SCTIMS QF GHE AT 740 DPSIc

INTERNAT.
VALVE: AMBIENT TEMPS: 1004 TO 2000 SCIMS OF GHE AT 1 TO
15 PSIG: 2500 3CIMS OF GN2 AT 200 7SIG
LNZ TEMPS: 2504 SCIMS OF GHE AT &9 PSIG; z500
SCIME OF GN2 AT 200 PSIG
mtALVE ACTUATOR:
CRYQ {BODY TEMP AT -300 DEG F, ACTUATOR AT =204 TO
0 DEC F)/AMBIENT TEMPS: 1400 SCIMS COF GHE AT 740 PSIG

RELIEF OPERATION: =300 DEG F, CHACKING/RESEAT PRESSURE, 4.1-5 PSID (ET
UNLY)

ELECTRICAL CHARACTERISTICS (INSULATION RESISTANCE AND VOLTAGE OROF) , AND
DIELECTRIC STRENGTH

FLUW LINER - ROUNDNESS VERIFICATION {(FREE END EIGHT POINTS MEASUTREMENT]
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SHUTTLE CRITICAL ITEMS LIST - QREITER 'l

SUBSYSTEM :MATN PEﬂPULEIGH IMEA NO:023=1 =0408 -4 REV:02/19 /¢

CERTIFICATION

CCMPQNENT QUALIFICATION (INCLUDES TESTING FROM FREVIQUS CONFIGURATION
- - WITEQUT LATCH) :

EALT P0G
VIBRATION = THREE AXES:
SINUSQIDAL: 5§ TC 38 HZ AT 0.25 &, ZERO TO PEAK

RANDOM: 20 TC 2,000 HZ 5.7 G RMS POR X-AXIS, 5.2 & BMS FOR %
AND 2-AXIS, NO FLOW (1N2), FLAPPERS OPEN, LATCH
ENGAGED

THE DISCONNECT IS CHILLED WITH LN2 AND SETAEBILIZED AT
=300 DEG F. 14 PSIG DISCONNEST, 740 PSTG ACTUATOR.
THESE CONDITIONS ARE MAINTAINED THROUGHOUT STIRUSOIDA
AND RANDOM VIBRATION. ACTUATOR VENTED DURING LAST T
MINJTES OF VIBRATICN.

THERMAL CYCLE: ~-400 TO 150 UDEG F, 3 CYCLES ‘

QFERATING LIFE: AMEIENT, 740 PSI6 EE FOR A TCTAL QF 2,400 CYCLES FOR
ORHITER AND 108 CYCLES FOR ET.
THE RELITF MECHANISM WAS CYCLED DURING ET
VALVE CY¥CLING.

CRYO, 740 P3IG BHE, =400 DEG F FOR A TOTAL OF 1000
CICLES FOR OREITER AND 50 CYCLES FOR TEE ET.
THE RELIEP MECHANTSM WAS CYCLED DURING ET
VALVE CYSLING.
ELECTRICAL CHARACTERISTICS (INSULATION RESTSTANCE AND VOLTAGE LROP)
LEAFRAGE: EXTERMAL AND INTERNAL, AMBIENT AND CRYO

ENGAGE ~ DISENGAGE: ENGASE FORCE = 1000 LBS MAX, DISENGAGE
PORCE = £00Q LBS Max

BURST TEST: FNEUMATIC ACTUATOR, 1700 PSIG HYDROSTATIC PRESSURE FOR
: 2 MINUTES

TYPE I AND TYPE II MATED (OPEN POSITION) 480 PSIG HYDROSTAT:
PRESSURE FOR 2 MINUTES

TYFE I AND TYPE IT DEMATED (CLOSED FOSITION] 330 PSID TO
TYPE I, §8 PSID T TYPE II FOR 2 MINUTES .
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SUBSYSTEM :MAIN PROPULSTON FMEA HO:03=1 -0408 -4

SRUTTLE CRITICAL ITEMS LIST - OREBITER

REV:G2r19/88

UMBILICAL SEPARATION TEST: (WITHOUT LATCH)

el v — ——— —— - T Nl ———— . ke

THE DISCONNECT WAS INSTALLED IN THE UMBILICAL ASSEMBLY DURING THZ
SEPARATION TEST PROGRAM. THE UMBILICAL ASSEMBLY WAS SURJECTED TO
RANCOM VIBRATION TESTS (4.4 HOURS PER AXIS) WHILE FILLED WITH LNzZ. THE
DISCONNECT WAS ALSO SUBJECTED T¢ UMBILICAL RETRACT TESTS AT BOTH
HOMINAL CONDITIONS AND SIMUTATED HYDRAULIC RETRACT ACTUATCR FAILURES.

UMBILICAL SEPARATION TEST: {(WITH LATCH)

T —— U N e N N e e e e S T A U L A

FLAFPPER PNEUMATICS/LATCH FNEUMATICS /PYROS/RETRACTOR HYDRAULICS

{1} PNEUMATIC CLOSURE (NORMAL} = 4 CYCLES
(2) MECHANICAL CLOSURE (BACKUP) = % CYCLES

BOTH PERFORMED AT AMBIENT, LN2 AND LH2 CONDITIONS.

FILCW LINER WATER FLOW TESTS:

————————— - — -——

DESIGH FLOW TOQ 13,600 GPM
ALLOWABLE DELTA P IS 10 PSID AT THE LINER

TO DETERMINE THE STABILITY OF THE FLOW LINER. THE FLOW TUBE HAD NG
PERMANENT DAMACE AFTER BEINCG SUBJECTED TOQ WATER FLOWS UP TO 20,000 GPM
{TEST TIME OF 2 MINUTES / & RUNS MINIMUM). AFTER VERIFYING
PERFORMANCE AT 20,000 GPM, THE UNIT WAS SUBJECTED TC 22,700 GFM TO
VERIFY DESIGN MARGIN (NO PERMANENT DAMAGE) .

FLAPPER ANGLE STABILITY MARGIN WATER FLOW TESTS:

- T e e e gy

- e

FOQURTEEN (14} EXPLORATORY TEST SERIES {FLOW 4,000 TO 20,300 GEM)
E.T. FLAPFER SETTING VARYING FROM 1.4 TO $.38 DEG.
GRB. FLAPPER JETTING VARYING FROM 0.9% TO %.4 DEG.

CERTIFICATION TEST RUN AT WORST CASE PRODUCTION EETTING (FLOW RANGE
TG 1039% POWER LEVEL).

PROOF TEST SERIES - MAXIMUM FLOW 22,700 GEM, AT ANGLES BELOW MINIMUM
FLIGHT SETTINGS

FRODUCTION ANGLE SETTINGS

E.T. 4.5 +f-' 0.25% DEG

MA=le 1TALE



SHUTTLE CRITICAL ITEMS LIST = CRAITER .

SUBSYSTEM :MAIN FROFPULSICN FMEA NO:03~%f -0408 =4 REV:Qz/1:¢

FLAFFER TIP LOAD MARGIN WATER FLOW TEST:

—— A —— - — ——

EIGHT (8} EXPLORATORY TEST STRIES {PLOW RANGE TO lUS% POWER LEVEL)

FIOW 4,000 TO 20,500 GEPM

CURBITER: 3.0 +/= 0.1 DEG FOR SEVEN SERIES, 4.1 +/- 0.1 POR QNE SES
TIP LOAD RANGE: 20 TO 62 LBS

ET: 3.95 +/~ 0.1 DEG
TTP LOAD RANGE: 23 ™ &1 LB3

RECOMMENDED TIFP LOAD:

ORDITER: 40 LBS MININOMW
ET: 53 LBS MINIMUM

LATCH WATER FLOW TESYTS:

------ =i ——r - ]

TWENTY-FOQUR (24) EXPLORATORY TEST SERIES (FLOW 4,000 TO 22,120 GI-“

CEATIFICATION TEST RUN AT MINTMOM PRODUCTION SETTING (FLOW RANGE
TO 105% BOWER LEVEL).

TWO TEST SERIES IN FILL DIRXCTION (FLOW 4,000 TO 6,400 GPM}, LATCH
PNEUMATIC PRESSURE VENTED (BISTABILITY)

PROOF TEST - 23,200 GPM
LATCH CRYO FLOW TESTS:

SIXTEEN (16) TESTS WITH LN2/L02 (FLOWS VARY FRON ONE ENGINE AT 65% 1
THREE AT 109%):

DISCONNECT FLAPFER STABILITY/LOADS
CAVITATION
FRICTION PRESSUR? LOSS

' ENGINE CUTOFF SENSOR RESPONSE

STEADY STATE TEST: LN2Z (65% AND 109% OP RATED POWER LEVEL), LAT
ENGAGED. LOZ (100%, l04% AND 109% OF RATED POWER LEVEL), LATCH
ENGAGED AND NOT ENGAGED.

TERMINAL DRAIN: (SATURATED LO2) (55% AND 109%) LATCH EHGAGED.
NOT ENGAGED.
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. SHUTTLE CRITICAL ITEMS LIST = ORBITER

SUBSYSTEM :MAIN PROPULSICN TMEA NO:03~-1 -0408 -4 REV:02/19/38

OMRS0
V41BVO.020 MPS ORB/ET DISC CLEANING (EVERY FLT)
V412V0.020 QORB/ET UMBILICAL DISC AND SEAL INSPECTION (EVERY FLT)
V41BVO.05Q PR1/PD3 17" DISC SEAL REPLACEMENT (EVERY FLT)
500000.080 LH2 ORB/ET I/F LEAK CMECKS (EVERY FLT)
300HCO. 400 VERIFY ET/ORB DISC POSITIONS (PRIOR TO MATING) (EVERY FLT)
T41QAL.060 INSPECT QRB/ET SEALING SURFACES FRIOR TO ORB MATE {E¥ERY FLT)
T41QAL.140Q L[Q2/IH2 17" DISCONNECT CLEANING (EVERY FLT)

{C) THSPECTION

RECEIVING INSPECTION

RAW MATERIALS ARE VERIFIED BY INSPECTION FOR MATERIAL AND PROCESS
CERTIFICATION. ALL MACHINED ITEMS ARE DIMENSIONALLY INSPECTED AND
VERIFIED {(MIL=-STD=105). CHEMICAL/MECHANICAL PROPERTIES AND RECORDS QF
RECEIVED MATERIALS ARE RETAINED FOR VERIFICATION. BODY FORGING IS
ULTRASONICALLY AND DYE PENETRANT INSPECTED.

CONTAMINATION CONTROL

CLEANLINESS LEVEL TO 400A VIA FREON FLUSH AND SAMPLE VERIFIED. ALL SEAL
. GROOVES ARE INSPECTED FOR CLEANLINESS AND EVIDENGCE OF DAMAGE.

ASSEMBLY/INSTALLATIDN

THREADED INSERTS AND CRITICAL DIMENSIONS VERIFIED BY INSPECTION. SEALING
SURFACES ARE VISUALLY IRSPECTED FOR DEFECTS. REPAIRED AND REWORKED ITEMS
ARE DIMENSIONALLY CHECKED. LOG OF CLEAN ROOM VERIFIED. ALL ENGINEERING-
DEFINED. FEATURES AND SURFACE FINISHES AND TORQUE REQUIREMENTS ARE
COMPLETFLY INSPECTED AND VERIFIED.

THE PRIMARY INTERFACE SEAL 1S CHECKED POH ID, OD AND ROUNDNESS. ALL
DIMENSIONS DEFINED IN DRAWING ARE VERIFIED BY INSPECTICH.

CRITICAL PROCESSES
HEAT TREATMENT AND PART PASSIVATION ARE VERIFIED BY INSPECTION.

NON-DESTRLUCTIYE EVALUATION

PARTS ARE RADICGRAPHICALLY AND DYE PENETRANT INSPECTED AS IMEOSED EY
ENGINEERING IN IHE DRAWING REQUIREMENTS.

TESTING
ATP AND TEST MEASUREMENT EQUIPMENT CALIBRATION VERIFIED BY INSPECTIONM.

HANDL ING /PACKAGING
PACFAGING FOR SHIPMENT VERIFIED BY IHNSPECTION.

{2} FAILURE HISTORY

EXCESSIVE EXTERNAL LEAKAGE WAS OBSERVED AT THE ORB/ET UMBILICAL INTERFACE
QN O¥-09% FLT 8 (REFERENCE CAR AC9421}. THE SEAL WAS REDESIGNED WITH
TIGHTER DIMENSIONAL TQLEZRANCES AND NO FURTHER INCIDENTS HAVE OCCURRED.

L5 - . m oA -



SHUTTLE CRITICAL ITEMS LIST = QRBITER

SUBSYSTEM :MAIN FROFULSTION FMEA NQ:03-1 -0408 -4 REV:02,s13/

(E} DPERATIONAL USE
FLIGHT: NG CREW ACTION CAN BE TAREN.

GROUND: OMI 51003 SEQUENCE TITLEDC "EMERGENCY PROCEDURE FOR A MATOR LFE

OR FIRE IN THE CRBITER MPS" CONTATNS SAFPING SEQUENCE QF EVENTS FoR MAJ
LEARS IN THE OXYGEN SYSTEM.
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